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(54) Friction stir welding 

(57) An improvement to a friction stir welding tool 
having a rotating member, the inprovement including 
an attachatjie cutting tool (30) having one or more radial 
cutting edges (32). A first embodiment of a cutting tool 
including one or more cutting inserts (42), each cutting 
insert having a lower end cutting edge; a like number of 
insert-engaging grooves (44): a collar (46) sized to 
closely engage around the rotating member with 
engaged inserts; a collar attachment arrangement for 
securing the collar (46) to the rotating member (38); and 
a number of set screws (48) for anchoring the cutting 
inserts (42) to the member (38). A second embodiment 
of a cutting tool including a cutting insert holder (60) 
having a lower end cutting edge; an insert holder hole 
(62) extending through the rotating member, the insert 
holder hole oriented angularly away from the rotating 
member axis of rotation (64); a threaded radial hole (66) 
formed in the rotating member (38); and a single screw 
fastener (68) for turning into the radial hole to press 
against the cutting Insert holder. A third embodiment of 
a cutting tool including one or more tabs (80) extending 
radially from the rotating member (38). A cornered cut- 
ting insert (70) is removably attached to the lower end of 
each tab. The cornered cutting insert (70) includes one . 
or more corners (72) to act as cutting edges. AxkMon- 
ally provided is an improved method of friction stir weld- 
ing including attaching a cutting tool havir^ a cutting 
edge to a conventional friction stir welding tool and pro- 
viding liquid to the cutting edge as the weld is being 
formed in order to quickly cool the cutting edge surfaces 
so that the material will not adhere to the cutting edges, 
allowing the cutting tool to macNne excess wekJ mate- 
rial away. 
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Description 

Field of the Invention 

The present invention relates to friction welding, s 
and more particularly to a apparatus and method for 
machining a friction stir weld. 

Background of the Invention 

10 

Friction stir welding (FSW) is a relatively new weld- 
ing process invented and patented by The Welding 
Institute (TWI) of Cambridge. Great Britain. A detailed 
description of this process and apparatus for performing 
the process may be found in the patents WO 93/1 0935; is 
U.S. Patent 5.460.317; and WO 95/26254. In the FSW 
process, a non-consumable rotating tool is used to "stir" 
metals along a butt joint. This causes a complete co- 
nungling of the metals from each side of the joint. 

After creating the wekJ, the upper surface of the 20 
weld nwst be machined for those applications requiring 
a smooth joint outer surface (e.g., fatigue-loaded com- 
ponents, aerodynamic surfaces, precision contact mat- 
ing, etc.). It is also helpful to machine a weld joint in 
order to inspect the weld joint for cracks, flaws, etc. 25 
Because FSW is currently performed on a conventional 
milling machine, it is possible to machine the weld as a 
second-pass operation. However, this adds significant 
cost to the process, since it takes twice the time and 
effort to produce a finished part than the time required 30 
for those applications not needing a machined surface. 

In addition, future FSW machines are expected to 
become less like milling machines as they are refined 
for the specific purpose of welding. In this case, it may 
become difficult to machine the weld surface with the 35 
same machine that performed.the welding. This means 
additional tooling costs and load-unload time will be 
added to the overall process. 

Thus, a need exists for an apparatus and method 
for machining the surface of a friction stir weld without 40 
having to perform a second-pass operation or use a 
second machine. The present invention is directed to 
fulfilling this need. 

Summary of the Invention 4S 

In accordance with aspects of the present inven- 
tion, an improvement to a friction stir welding tool is pro- 
vided, including a cutting tool having one or more radial 
cutting edges. The cutting tool is attached to a conven- so 
tional translating friction stir welding tool via one or more 
support mechanisms so that the improved welding tool 
will machine the weld as the weld is being generated. 
The prefened cutting tool includes one or more detach- 
ak5le support mechanisms, such as cutting inserts, ss 
attached to a friction stir weld rotating member. Each 
support mechanism includes a lower end that has a cut- 
ting edge either attachably or integrally formed thereat 
The preferred cutting edges are disengagable from the 



rotating member. As the member rotates, the cutting 
edge also rotates to dear avray material disturbed from 
the probe and the rotating member. 

In accordance with other aspects of the invention, a 
first embodiment of a cutting tool is provided, including 
one or more cutting inserts, each having an integrally 
formed lower end cutting edge: a like number of verti- 
cally oriented, insert-engaging grooves formed in the 
rotating member: a collar sized to closely engage over 
the rotating memlDer with engaged inserts; a collar 
attachment arrangement for securing the collar to the 
rofating member; and a number of set screws for 
anchoring the cutting inserts to the rotating member. 
The collar may include various threaded radial holes 
therein placed at locations corresponding to the loca- 
tions of the cutting inserts and grooves. The holes are 
for engaging the set screws which press against the cut- 
ting inserts and prohibit the cutting inserts from moving 
during use. The preferred collar includes internal cut- 
outs located adjacent to each cutting insert. 

In accordance with still further aspects of the inven- 
tion, a second embodiment of a cutting tool is provided, 
including an insert holder hole extending through the 
rotating member in an orientation angularly away firom 
the axis of member rotation; a cutting insert holder 
insertaWe into the insert holder hole; a threaded radial 
hole formed in the rotating member; and a single screw 
for screwing into the radial hole to press against the cut- 
ting insert holder thereby holding it in place. The cutting 
insert holder includes a cornered cutting insert remova- 
bly attached to the lower end of the cutting insert holder. 
The cornered cutting insert includes one or more 
extending corners that may serve as cutting edges. 
When one comer becomes dull, the cornered cutting 
insert is rotated so that a new comer is used as the cut- 
ting edge. Means are provided for securing the cor- 
nered cutting insert to the cutting insert holder. 

In accordance with still other aspects of the inven- 
tion, a third embodiment of a cutting tool is provided, 
including one or more tabs extending radially from the 
lower end of the rotating member. The tabs may be inte- 
grally attached to the rotating member using conven- 
tional methods, e.g., welded, molded, etc. A cornered 
cutting insert is removably attached to each tab so that 
a corner extends lower that the lowest point of the tab. 
The corners dear debris from the weld surface as the 
corners rotate with the rotating member. 

In accordance with yet further aspects of the inven- 
tion, the cutting edges are preferably located near the 
lower periphery of the rotating member at a depth of 
about 0.002 to 0.010 inches relative to the rotating 
member shoulder and a distance of about 0.050 to 
0.100 inches outward of the rotating member and/or 
lower face of the member. Where applicable, each cut- 
ting edge is located at the leading edge of its respective 
support relative to the rotational movement of the rotat- 
ing member. 

In accordance with yet still further aspects of ttie 
present invention, an improvement to a friction stir weld- 
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ing process is provided, including attaching a cutting 
tool having a cutting edge to a conventional friction stir 
welding tool and providing liquid to the cutting edge as 
the weld is being formed in order to quickly cool the cut* 
ting tool to prevent weld material from adhering to the 5 
cutting tool. 

In accordance with yet still other aspects of the 
invention, a preferred process includes providing water 
at at>out room temperature (e.g.. 10 to 30 'C) and at a 
flow rate of about 0.01 to 0.10 gallons per minute in the 10 
form of a water-air mist. Water may be issued under a 
pressure. 

In accordance with additional aspects of the inven- 
tion, the rotating member, with Hs corresponding cutting 
todi arnJ probe, is angled slightly aftward relative to the is 
direction of linear probe translation. 

Brief Description of the Drawings 

The foregoing aspects and many of the attendant 20 
advantages of this invention will become more readily 
appreciated as the same becomes better understood by 
reference to the following detailed description, when 
taken in conjunction with the accompanying drawings, 
wherein: 2S 



ment of a cutting tool formed in accordance vinth the 
present invention; 

FIGURE 15 is a side view of the cutting tool of FIG- 
URE 14; and 

FIGURE 1 6 is a bottom up view of the cutting tool of 
FIGURE 14. 

Detailed Description of th e Preferred Embodiment 

The description below first discusses the friction stir 
welding process and apparatus as put forth in the above 
identified patents. The fiction stir welding tools and tech- 
niques as described in WO 93/10935. U.S. Patent 
5.460.317, and WO 95/26254 are incorporated herein 
by reference to the extent consistent with the present 
invention. A detailed discussion of the present invention 
cutting tool improvement apparatus and method follows. 

Riction Stir Welding 

The technique of friction stir welding to join work- 
pieces together results in the creation of a joint region 
therebetween, and includes the steps of: causing a 
probe of material harder than the workpiece material to 
enter the joint region and one or both opposed portions 
of the workpieces on either side of tiie joint region while 
causing relative cydic movement between the probe 
and the workpieces vi^ereby frictional heat is generated 
to cause the opposed portions to take up a plastidzed 
condition; removing the probe such as by translating the 
probe along the joint region; and allowing ttie plastidzed 
portions to solidify and join the workpieces together. 
This technique enables a wide variety of workpieces to 
be joined. The workpiece materials can be metals, 
alloys or compound materials such as metal matrix 
composites (MMC), or suitable plastic materials such as 
thermo-plastics. 

The present invention cutting tool improvement may 
be used with virtually any friction stir welding tool that 
includes a rotating non-consumable probe. Referring to 
FIGURE 1 . there shown is a perspective view of such a 
tool. A pair of workpieces. or plates 1A, IB (e.g. alumi- 
num alloy plates) are butted together along a joint line 2. 
A non-consumable probe 3 (e.g.. a steel probe) having 
a narrow, central, cylindrical tip portion 4 positioned 
between upper and lower members 5. 6 is brought to 
the beginning of one end of the joint fine 2. The proxi- 
mate end of each menrter includes a shoulder 1 0 and a 
face 11. The workpieces are not normally urged 
towards each other during weldir^. but are simply 
resbained against movement away from the joint region 
during passage of the probe. 

The rotating member 5 with probe 3. is rotated by 
motor 7 while ttie combination is traversed in a direction 
8 along the joint line 2 and while the plates are heki 
against lateral movement away from the probe 3. The 
rotating probe 3 produces friction heating and a local 
region of highly plasticized material around the steel tip 
portion 4. while top and bottom constraint is provided by 



FIGURE 1 is an isometric view illustrating a first 
method of friction stir welding; 
FIGURES 2A and 2B are side elevational views of 
two different rotating members; 30 
FIGURE 3 is a perspective view illustrating run-on 
and run-off tabs; 

FIGURE 4 is a plan view illustrating the flow of plas- 
ticized material and the resultant surface markings 
with respect to the joint line; 55 
FIGURES 5A 58, and 5C are an isometric view, a 
side view, and a plan view, respectively, of a second 
example method of friction stir welding; 
FIGURES 6A, 6B, and 60 show various types of 
probe shapes for use with the metiiod of FIGURES 40 
5A-5G ; 

FIGURE 7 is a schematic view of a further process 
whereby passes are made both above and below 
the plates being welded; 

FIGURE 8 is an isometric view of a first embodi- 45 
ment of a cutting tool formed in accordance with the 
present invention; 

FIGURE 9 is a side view of the cutting tool of FIG- 
URE 8; 

FIGURE 1 0 is a tx>ttom up view of the cutting tool of so 
FIGURE 8; 

FIGURE 11 is an isometric view of a second 
embodiment of a cutting tool formed in accordance 
with the present invention; 

FIGURE 1 2 is a side view of the cutting tool of FIG- ss 
URE 11; 

FIGURE 13 is a tx)ttom up view of the cutting tool of 
FIGURE 11; 

FIGURE 14 is an isometric view of a third embodi- 
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the members 5. 6. Upon removal or through passage of 
the probe, these plasticized stirred regions will immedi- 
ately coalesce and solidify. On cooling, the plastidzed 
material bonds the workpieces 1A. 1B together. The 
method generally results in a mix of the two abutting 5 
surfaces, often at mixing temperatures below the nor- 
mal melting point of the materials to be joined. It is pref- 
erable to tilt the rotating member 5 with probe slightly 
aftward relative to the linear direction off probe travel. 
The tilt of the probe helps to bring the shoulder and a 10 
portion of the face into contact wrth the joint surface, 
which further aids in plasticizing the region. It should be 
noted that the members 5. 6 are also dose fitting to the 
joint in order that the faces and shoulder help prevent 
toss of material from the plasticized zone. is 

Alternativety, the upper and lower members 5. 6 
and probe 3 may be manufactured as a single rotating 
member, or bobbin, as shown in FIGURE 2A. A pre- 
ferred preset gap of typically about 3.3 mm is provided 
between faces 5A and 6A. As shown in FIGURE 2B. the 20 
bobbin may be demountable with two parts. 5 and 6" 
secured together, for example, by a cotter pin 9. For this 
arrangement, it is convenient to drill a hole correspond- 
ing to the interior part 6' diameter in the butting plates to 
be joined and the two parts 5. 6' off the bobbin brought 25 
together firmly onto the plates before rotation. Further- 
more, the gap may be made adjustable over a short dis- 
tance by a suitable cam lever or eccentric (not shown) to 
allow for variation in the thickness of the sheets to be 
joined from nominal values. Yet again, the component 30 
parts of the bobbin may be suitably spring-loaded so as 
to be biased towards each other so that a tight fit is 
maintained in spite off small variations in the sheet thick- 
ness. 

For each method described herein, to avoid pre- 3S 
drilling a hole in the butting sheets to be joined, suitable 
run-on 12 and run-off 14 extensions can be utilized. 
These extensions, or end-tabs, provide starting and 
stopping points along a weld seam that may be later 
trimmed away. Similarly, a piece of washer-shaped 4o 
piece of a material similar in composition to those plates 
being joined, may be fastened around the pin of the 
rotating member and pressed against the starting edge 
of the sheets to be joined. As plasticized material is 
formed, there is minimum space for material to escape. 45 
and a uniform zone is formed throughout the length of 
the seam to be joined. 

The shoulders of abutting faces 5A, 6A off the bob- 
bin may be machined substantially square, but prefera- 
bly are provided with a chamfer (see FIGURE 2A). In so 
use, it can be observed whether the top and bottom 
faces are in good contact v/ith the materials to be joined 
by the visibly disturbed zone corresponding in vwdth to 
the diameter off the faces. Alternatively, and particularly 
for the spring-loaded version, the faces can be slightly 55 
domed with a radius off the order of 0.1 m or greater, 
such that a contact zone corresponding to the applied 
spring load is developed of suffident vwdth. Preferably, 
the width of this contact zone should be at least 50% 



greater than the diameter off the pin generating plasti- 
dzed material. 

With suitable bobbins as described, the rotating 
member can be drawn along joint line 2 via a spline (not 
shown) such that the member floats according to the 
surface shape of the materials being joined. With a pre- 
machined workplace held in a suitable jig, a floating 
mender is not necessary and a preset bobbin can be 
used. 

Using the above described two-part bobbin in one 
example, the friction stir welding technique has been 
used to successfully join an aluminum silicon magne- 
sium alloy (BS6082). nominally 3.2 mm thick The over- 
all vtfidth of the heat-affected zone was approximately 9 
mm wide, corresponding to the contact zone on the 
chamfered bobbin used. In this example, a 6 mm diam- 
eter pin was rotated at 1500 rpm (peripheral speed off 
approximately 0.47nri/!sec) and traversed along the joint 
line at 370 mm per minute. It should be noted that the 
contact faces of the bobbin contributed to the heat input 
as well as the heating provided by the rotating pin and 
corresponding plastidzed zone. For lower rotational 
rates, the travel rate is preferably also reduced, e.g.. at 
800 rpm a suitable travel speed is about 190 mm per 
minuta Excess travel speed leads to void formation or 
lack of consolidation off the plasticized nr^terial. 

As illustrated in FIGURE 4. the plasticized material 
is swept around the rotating probe 4 such that voids, iff 
any. tend to form on the side where the rotating surface 
is moving in the same direction as the travel along the 
joint (advancing edge). It appears there is very little, iff 
any. difffficulty in obtaining complete consofidation witii 
the plasticized material fiHing the joint zone in other 
regions, particularly on the side where the rotating sur- 
face is against the direction of travel off the bobbin 
through the material (retreating edge). 

In a second method of friction stir welding illustrated 
in FIGURES 5A and 5B. the non-consumable mennber 
has a slightiy tapered cylindrical probe 18 at its leading 
end. which is pressed against and becomes inserted 
between plates 1 A. IB. but does not extend completely 
through the thickness of the materials being joined. A 
lower member is not required since the probe does not 
actually extend through the entire thickness of the 
plates. It is preferable to tilt the rotating member with 
probe slightiy aftward relative to the direction of linear 
probe travel. The appearance of the upper surfaces off 
the plates affter the butt welding operation is shown in 
FIGURES 5A and 5C. 

For all cases, the shape off tiie probe is important. A 
conically pointed probe (FIGURE 8A) enables the probe 
to enter the plates relatively easily but results in a nar- 
rowing off the plasticized region near the apex of tiie 
probe. A frustoconically shaped cone, such as shown in 
FIGURE SB. works best when a pre-drilled depression 
is formed in the butting sheets to be joined. Preferably, 
the probe is of a slightly tapered cylindrical form with a 
blunt nose, as shown in FIGURE 6C. This shape ena- 
bles the probe to be pressed against the sheets so that 



4 



7 



EP 0 810 055 A1 



8 



it inserts itself into the plates and forms a plastidzed 
zone around the probe which travels along the joint 
seam as previously descrfl^ed. 

For a joint between aluminum alloy plates 6 mm 
thick made by the method illustrated in FIGURES 5A- s 
5C. the probe n^y be rotated at 850 rpm and traversed 
along the joint line at 240 mm per minute.* Higher rota- 
tional speeds, such as 1000 rpm. enable greater travel 
rates to be used, up to about 300 mm per second, but 
increasing the travel rate excessively leads to the forma- io 
tion of pores along one side, as was found with the par- 
allel-sided arrangement of FIGURE 1 . Altematrvely. the 
rotational speed can be reduced such as down to 300 
rpm with a conresponding reduction in travel rate. For a 
given travel speed there is a reasonable tolerance in is 
acceptable rotational rates, e.g.. at 4 mm per second 
(240 mm per minute) for the aluminum silicon magne- 
sium alloy {BS6082) satisfactory results are obtained for 
rotational speeds between 440 and 850 rpm. 

FIGURE 7 illustrates a further exemplary method of 20 
friction stir welding in which a pair of non-consumatJe 
probes 20. 21 similar to the probe 18 are provided on 
opposite sides off the plates 1 A, IB. The probes 20, 21 
are urged toward each other, but are displaced in the 
direction of travel such that the plates are clamped 2S 
together in position, but not sufficiently to cause exces- 
sive heating at the interface between the outwardly fac- 
ing surfaces of the plates and the non-consumable 
members. As with friction stir welding in general, it is 
desirable to push the member into the plate somewhat 30 
in order to produce the heat required to accomplish the 
weld. However, excessive pushing is undesirable. The 
plates should not be pushed so hard as to become 
mashed. Alternatively, the method of FIGURES 5A-5C 
can be carried out as separate operations on each side 35 
of the plates being joined. An example of a successful 
douWe-sided weld according to the above was con- 
ducted for an aluminum silicon magnesium alloy at 
operating conditions of 240 mm per minute travel at 850 
rpm for each side. ^ 

The contact face 22 of each mennber 23. 24 can be 
substantially square or preferably slightly chamfered to 
relieve the outer edges thereof. The appropriate load or 
positioning of the rotating probe is then determined by 
viewing the wide by thin layer of disturbed plate surface 4S 
material that forms as a result of the face being in con- 
tact with the plates. Alternatively, the face of the rotating 
memt>er can be slightly domed similar to the face of the 
bobbin in FIGURES 2A and 2B. such that at a given 
load the surface contact area expands to at least 50% so 
greater than the diameter of the probe itself. Contact 
zones up to three times probe diameter have been 
found satisfactory. For thinner materials it is preferaksle 
to scale the probe such that for example, it is reduced 
to 4 or 3 mm. Unexpectedly, the preferred rotational ss 
speed is also reduced together with the travel rate for a 
smaller diameter probe. For example, with a 3.3 mm 
diameter probe a rotational speed of about 440 rpm and 
about 120 mm per minute travel is satisfactory. In all 



these cases, the slight taper of the probe face 22 
amounts to around 2*. 

The methods described with respect to FIGURES 
1 , 5A. and 7 can be applied to the joining together of the 
abutting faces of a crack existing in a given material or 
substrate thereby to repair the crack. The crack may 
extend through the full thickness, or only partially pene- 
trate the thickness of the material, and may lie in parent 
material, or in a heat affected zone in the material, such 
as adjacent to a weld or in a wekJ itself The method of 
FIGURE 5A is generally suitable for a partially penetrat- 
ing cracK although in principle, a fully penetrating 
method could also be utilized for partially penetrating 
cracks. The technique is essentially similar to that 
already described, where preferat^ly the probe is 
inserted into the parent material (to the depth of the 
crack at least) before traveling along the crack interface, 
to generate plastidzed material by frictional heating, 
which on cooling consolidates the material where the 
crack previously existed. The end of the crack in the 
direction of travel can be consolidated in various ways. 
For exeimple. the probe can be left In situ or. atterna- 
tively. a pass made in the reverse direction and over- 
lapped with the initial pass so that the termination of the 
reverse pass lies in a region away from the original 
crack site. 

Present Invention Cuttin g Tool Improvement 

When plates are welded according to the friction stir 
methods described above, there is a tendency for 
excess, roughened material to accumulate on the outer 
surfaces of the plates. Although the amount of excess 
material is typically slight, for those applications requir- 
ing a smooth outer surface, the excess material must be 
removed. As illustrated In FIGURES 8-16, the present 
invention includes a cutting tool 30 assembled by add- 
ing one or more cutting edges 32 to a conventional 
translating friction stir welding tool so that the modified 
tool will machine the weki as it is generated. The 
present invention cutting tool machining method 
includes applying water or water mist to the cutting tool 
and joint as the joint is being welded in order to quickly 
cool the cutting edges to prevent material from adhering 
to them. Adding a cutting edge to the FSW tool and 
applying cooling water to the FSW process results in a 
finished, machined weld surface created simultaneous 
with the creation of the weld. Thus, the present inven- 
tion cutting tool and method reduces tiie rrumber of 
steps required to produce a properly machined friction 
stir weld. 

The cutting tool 30 basically includes the attach- 
ment of cutting edges 32 to a conventional rotating 
member 38. One or more support mechanisms are 
used to attach the cutting edges near the outer lower 
periphery of the rotating mender. Each support mecha- 
nism includes a lower end that has a cutting edge either 
integrally formed, or attached, thereat. Cutting edges 
are preferably used on the rotating members of oonven- 
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ttonal friction stir welcfing tools that will cause a surface 
disturbance at the weld seam. For example, the bobbin 
arrangement of FIGURE 2B would preferably include 
cutting tools located on both the rotating member 5 and 
the rotating member 6*. It is also preferable that each 
cutting edge be. in some manner, disengagabie from Its 
rotating member so that worn cutting edges may be 
easily replaced with new ones. The present invention 
cutting tool encompasses using cutting edges that are 
integral with the rotating merrber, though this arrange- 
ment is not preferred. 

The support mechanisms are placed relative to the 
rotating member so that each cutting edge is positioned 
at a radial distarwe from the center of the rotating mem- 
ber equal to or greater than the maximum width of the 
anticipated surface disturbance that will be created 
when the weld is made. This generally means that the 
cutting edge should be placed just outside of the face 10 
and/or shoulder 1 1 regions. The cutting edge is posi- 
tioned at a height equal to the desired height of the fin- 
ished seam surface. As the member 38 rotates, the 
cutting edge 32 also rotates, clearing away material dis- 
turbed tsy the rotating member probe 40. As the entire 
probe is translated along the joint 2, the circle defined 
by the cutting edge also translates, which causes the 
debris to be cleared from the entire weld area. The 
result is a smooth and polished machined weld. 

The basic method of using the present invention 
includes mounting the cutting tool 30 on the rotating 
member 38 and applying a continuous water supply 
from a liquid source 82 to the weld joint 2 while rotating 
and translating the probe 40 along the joint In the pre- 
ferred embodiment, the water is in the form of a water 
and air nrtist mixture 84. The preferred water tempera- 
ture is roughly room temperature, i.e., about 20*'C, and 
the flow-through volume Is about 0.01 to 0.10 gallons 
per minute. The water may be issued under pressure 
and applied directly to the area, or junction, where the 
cutting edge meets the material. The inrportant aspect 
of using water is that it be sufficiently available to cool 
the outer surface of the cutting edges. It should be 
noted that water is preferred because of its lost-cost 
abundance. Other liquid coolants may be used provided 
they do not interfere with weld formation. The runoff 
water from this process may be recycled by removing 
the metal particulates accumulated from machining the 
weld. 

As with the current FSW process, the preferred 
enrtbodiment of the method of the probe with the present 
invention cutting tool includes tilting the rotating mem- 
ber with probe slightly aft relative to the direction of lin- 
ear probe translation. When the cutting edges are 
added, they machine away surface material mainly from 
behind the dragging shoulder of the rotating menriber. 
This results in the removal of a minimum amount of 
material from the weld and leaves a smooth workpiece 
weld surface. Where practical, run-on 12 and run-off 14 
extensions should preferably be used to provide a start- 
ir^ point and a stopping point for the joint. See FIGURE 



3. The extensions may be added to the joint as separate 
pieces, or they made be made integral with one or both 
of the plates to be joined. Once the weld is accom- 
plished, the extensions are removed, leaving a properly 
5 machined continuous surface that runs the errtire length 
of the weld. 

Three preferred cutting tool embodiments are 
described herein. FIGURES 8-10 are directed to the 
first embodiment FIGURES 11-13 to the second; and 

10 FIGURES 14-16tottiethiTd. 

Referring initially to FIGURE 8. there shown is a 
perspective view of a first emtxxJiment of a cutting tool 
formed according to the present irrvention. The support 
mechanism includes one or nnore cutting inserts 42, 

15 each having a lower end cutting edge; a tike number of 
vertically oriented, insert-engaging grooves or keyways 
44 formed in the outer circumference of the rotating 
menlber 38; a collar 46 sized to closely surround the 
rotating member with engaged inserts; a collar attach- 

20 ment arrangement for securing the collar to the rotating 
member; and a number of set screws 48 for anchoring 
the inserts 42 to the rotating member 38. 

The cutting inserts 42 are generally of rectangular 
cross-section with rounded, lower end cutting edges. 

25 The cutting edges may be formed in a different shape; 
however, it is best not to make the edges too narrow, as 
ttiey tend to wear out faster. The cutting edges are pref- 
erably composed of high speed steel or cobalt-alloyed 
high speed steel. For each cutting insert there is a cor- 

30 responding groove formed in the outer surface of the 
rotating member within which the support may be 
engaged. The grooves are oriented generally parallel to 
the axis of rotation of the member. The depth of each 
groove is preferably about half the insert cross-sectional 

35 tilickness. This size allows the cutting edge to be 
located just outward of the rotating member shoulder, 
which typically defines the outermost region of plate 
surface disturbance. The grooves are not absolutely 
required for the present invention, but they are preferred 

40 because they also help restrain the cutting inserts and 
prevent them from twisting or othenivise shifting during 
rotation. 

The collar 46 is in the form of a continuous ring hav- 
ing various threaded radial holes 50 therein placed in 

45 locations corresponding to the locations of the cutting 
inserts and grooves. The collar is preferably formed of 
steel. The cutting inserts are placed within their respec- 
tive grooves and the collar is slipped around the mem- 
ber and inserts. The preferred collar 46 includes arcuate 

50 cutouts 52 located in the internal surface of the collar at 
each insert for allowing a portion of the insert to extend 
beyond ttie outer radius of the rotating member. This is 
advantageous because rt positions the cutting edges 
just outward of the outer radius of the rotating member 

55 lower surface face. After the collar 46 is in position, set- 
screws 48. sized to fit the radial holes 50, are screwed 
through the radial holes toward their respective cutting 
insert. The cutting insert 42 is thereby confined to its 
groove 44 by the clamping force of the set screw 48. 
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The collar attachment arrangement may include a sep- 
arate groove 54 and set screw 56 for securing the collar 
46 to the rotating member 38. 

In prepciration for c^erations when using the first 
embodiment of a cutting tool, the cutting inserts 42 are 5 
placed in the rotating member grooves 44. the collar 46 
is slipped over the member 38 and cutting inserts 42. 
and the set screws 48 are engaged. During operations, 
the FSW tod with cutting edges is rotated while water is 
applied to the region of the cutting edges. The water fo 
prohibits the hot stirred metal from accumulating on the 
cutting edges by keeping the cutting edges 32 cool. Lin- 
ear trsmslation of the FSW tool 30 with cutting edges 
causes the cutting edges to machine the area defined 
by the cutting edge circumference. rs 

Refening to FIGURES 11-13. there shown are 
views of a second embodiment of a cutting tool formed 
according to the present invention. The second embod- 
iment cutting tool support mechanism includes a cutting 
insert holder 60 having a lower end cutting edge; an 20 
insert holder hole 82 extending transversely through the 
rotating member 38 and oriented angularly away from 
the axis of member rotation 64; a threaded radial hole 
66 fonmed in the rotating member 38: and a screw 68 for 
engaging into the radial hole 66 to press against the cut- 
ting insert holder 60. 

The cutting insert holder 60 has a rectangular 
cross-section and a lower end to which a cornered cut- 
ting insert 70 may be removably attached. The preferred 
cutting insert 70 includes a number of extending cor- 
ners 72. as would be provided with a square or triangu- 
lar shaped piece. The comers serve as cutting edges 
and are positioned near the shoulder 10 of the rotating 
member 38, at a depth of roughly 0.002 to 0.010 inches 
below the shoulder 10. The cornered cutting insert 70 
should be attached to the leading edge side of the cut- 
ting insert holder, i.e., the fonward-most side relative to 
the direction of probe rotation. The cornered cutting 
insert is preferat)fy formed of high speed steel or cobalt- 
alloyed high speed steel. The attachment of the cor- 
nered cutting insert to the cutting insert holder may be 
accomplished using conventional means, e.g.. by a 
screw through the cutting insert, by an insert retaining 
clip that bolts to the cutting insert holder, etc. 

The insert holder hole 62 extends diagonally 
through the rotating mmber. The cutting insert holder 
60 is inserted into the hole 62 and held in place by the 
screw 68 which is engaged with the rotating member 
radial hole 66. The cutting insert holder is thereby con- 
fined to the insert holder hole by the crosswise force of 
the screw. The cutting insert holder Is located in the hole 
so that the cutting edge projects slightly from the outer 
circumference of the shoulder and at a depth near tinat 
of the shoulder. It is preferable that the cutting edge be 
located roughly 0.002 to 0.010 inches below tiie shoul- 
der 10 and radially outward roughly 0.050 to 0.010 
inches relative to the proba 

During operations when using a cutting tool formed 
according to the second embodiment, the FSW tool 30 



with cutting edge is rotated and simultaneously 
advanced along the joint while water is applied to the 
region of tiie cutting edges at the material. The water 
prohibits the hot stirred metal from accumulating on the 
cutting edge surfaces by keeping the cutting edge cool. 
Linear translation of the FSW tool with cutting edge 
causes the cutting edge to machine the area defined by 
its circumference. Should ttie cutting edge become 
dulled, the cornered cutting insert may be reoriented so 
that its next corner will act as a fresh, new cutting edge. 

Referring to FIGURES 14-16, there shown are 
views of a third embodiment of a cutting tool formed 
according to the present invention. The third embodi- 
ment cutting tool is similar to the second tool embodi- 
ment, except instead of using a cutting insert holder, the 
third enibodlment has one or more Integral tabs 80 
extending radially from the circumference of the rotating 
member near the shoulder. The tat>s are oriented rela- 
tive to the rotating member in such a manner as to 
resemble radial fins. There are two tabs shown in FIG- 
URES 15 and 16. The tabs may be attached to the rotat- 
ing member 38 using a conventional method, e.g.. 
welded, molded, machined from the same piece as the 
rotating member, etc. Each tab has an associated cor- 
nered cutting insert 70 with one or more corners 72 to 
act as cutting edges. The operation of the cornered cut- 
ting insert 70 is essentially the same as that described 
above for the second emtxxiiment tool, and thus will not 
be repeated here. 

While the preferred embodiment of the invention 
has been illustrated and described, it will be appreciated 
that various changes can be made therein without 
departing from the spirit and scope of the invention. 
Example changes include using the cutting Insert holder 
and small cornered cutting insert of the second and 
third preferred tool embodiments in lieu of the elongated 
cutting insert of the first preferred tool embodiment. Var- 
ious notching schemes could be used to aid the user in 
locating any of the supports, the collar, or the cutting 
edges. Various methods of attaching the cutting edges 
to the rotating members could be used instead of the 
preferred three enlbodiments detailed here. 

Claims 

1 , In a friction stir welding tool having a non-consuma- 
ble rotating member, wherein the improvement 
comprises: 

(a) one or more cutting edges; and 

(b) one or more support mechanisms for 
mounting the cutting edges to the member; 

whereby rotation of the member and of 
the non-consumable probe causes like rotation 
of the one or more cutting edges which further 
causes the one or more cutting edges to 
machine the outer surface of the friction stir 
weld. 
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. The improvement of claim 1. wherein the one or 
more support mechanisms for mounting the cutting 
edges position the cutting edges near the outer 
periphery of the rotating member at a depth of 
roughly 0.002 to 0.01 0 inches below the level of the s 
rotating member. 

. The improvement of claim 1 or 2. wherein the one 
or more support mechanisms for mounting the cut- 
ting edges comprises: 

(a) one or more cutting inserts, each cutting 
insert having a cutting edge at a lower end 
thereof; and 

(b) means for detachably mounting the cutting is 
Inserts to the outer circumference of the rotat- 
ing member. 

. The improvement of daim 3, wherein the means for 
detachably mounting the cutting inserts comprises: 20 

(a) one or more grooves formed in the rotating 
member, each cutting insert being engagabie 
in a groove; 

(b) a collar attachable to the outer circumfer- 2S 
ence of the rotating member, the collar for 
securing each cutting insert to the rotating 
member; and 

(c) means for securing the cutting inserts within 
the grooves at a desired location. 30 

L The inprovement of daim 4, wherein the collar fur- 
ther indudes interior cutouts at each cutting insert 
location to allow for the use of cutting inserts having 
different dimensions. 

L The inprovement of claim 4 or 5. wherein the 
means for securing the cutting inserts include set 
screws threaded through radial holes formed in the 
collar, the set screws for pressing the cutting inserts 40 
into the grooves. 

7. The improvement of any of daims 2-6. wherein the 
one or more cornered cutting inserts is one cor- 
nered cutting Inserts and the means tor mounting 4S 
the cornered cutting inserts comprises: 

(a) a cutting insert holding having a lower end: 

(b) a insert holder hole formed in the rotating 
member, the cutting insert holder being enga- so 
gable in tiie insert holder hole; 

(c) means for securing the cutting insert holder 
wittdn the insert holder hole at a desired loca- 
tion; and 

(d) means for attaching the cornered cutting ss 
insert to the cutting insert holder lower end. 



ting inserts comprises: 

(a) one or more tabs extending radially from the 
lower end of the rotating member; and 

(b) means for securing each cornered cutting 
insert to a tab. 

9. The improvement of daim 7 or 8, wherein the cor- 
nered cutting insert has one or more comers to act 
as one or more cutting edges. 

10. The improvement of daim 7, 8 or 9. wherein the 
cornered cutting insert is removably attached to its 
respective tab by a central screw arrangement. 

1 1 . The improvement of any of daims 1-10, wherein the 
cutting edge is located at a deptti of roughly 0.002 
to 0.010 inches relative to the level of tiie rotating 
member and an outward distance of about 0.050 to 
0,100 inches relative to ttie side of the rotating 
member. 

1 2. The improvement of any of claims 8-11. wherein ttie 
one or more tabs are integrally formed with ttie 
rotating member. 

13. The improvementof anyof daims8-12, whereinthe 
cutting edge is attached to the leading edge surface 
of its respective tab. 

14. In a process of friction stir welding with a rotating 
memlber having a non-consumat)le probe, the 
improvement comprising: 

(a) attaching one or more cutting edges to the 
rotating member; 

(b) providing water during the welding process, 
wherein the water is directed to the cutting 
edges; and 

(c) whereby rotation of the one or more cutting 
edges machines the outer surface of the fric- 
tion stir weld. 

15. In the process improvement of claim 14, wherein 
the water is at a temperature of about 1 0 to SO^^C. 

16. In the process improvement of claim 14 or 15. 
wherein the water is provided at an amount of about 
0.01 to 0.1 0 gallons per minute in the form of an air- 
water mist mixture. 

17. In the process improvement of daim 14, 15 or 16, 
wherein the rotation off the member and probe is 
accomplished at a slight aftward angle relative to 
the linear direction of probe travel. 



8. The inprovement of any of daims 2-7. wherein the 
means for mounting the one or more cornered cut- 
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